Abstract
Introduction

24
Atmospheric rivers (ARs) are narrow corridors of water vapor in the lower troposphere that relieving drought impacts [Dettinger, 2013; Witze, 2015] . warming and ii) identify the dynamical and thermodynamical contributions to these changes. 
Data and method
59
A total of 24 CMIP5 models are used in this study (see Table S1 for the list). 
Results
95
AR climatology in CMIP5 simulations
96
To evaluate the credence of the CMIP5 models in capturing the basic statistics of the AR events, the AR events for CMIP5 multi-model ensemble (MME; Figure S1 ) and ERA-Interim ( Figure   109 S2), and found consistent spatial distributions. summer, as AR events are very rare so the sample size may not yield a credible assessment.
122
In an attempt to separate the effect of wind changes or dynamical effects from that of increasing the red numbers indicating significant differences at 95% confidence level. As a cross-validation,
143
we also compute the percentage changes of ( 2 2 − 1 ̅ 2 )/ 2 2 and the result is qualitatively 144 consistent, but with non-negligible difference.
145
As explained in section 4 in the supplementary material, the condition for the rescaling to work 146 is that the rate of increase of the IVW in the ARs can be approximated by that of the seasonal 147 mean IVW, i.e., anomalously high moisture and strong low-level winds, which may respond to future warming 149 differently compared to the seasonal mean. But for most cases, the approximation has an error of 150 up to about 10% (see Table S2 ), which may be tolerable for the purpose of qualitative evaluation modulation is not by coincident; its connection to the underlying large-scale circulation will be 166 discussed later in this section.
167
Since this rescaling to estimate the dynamical effect has ignored the co-variation component, it contribution to the AR change from changing atmospheric circulation is warranted.
177
The thermodynamical dominance on the increase of the ARs can also be illustrated by the (25°N to 55°N, 180°W to 130°W ).
181
The resultant statistics of ARs (denoted by 1 ̅ ) is presented as the black dashed line in Figure   182 3 and its discrepancies (in terms of fractional difference) from the AR statistics based on scaling Table S1 of the supporting information) for producing and making available their model output. 
346
The black contours indicate the daily total precipitation on that day, with a minimum contour value of 4 mm, at 2 347 mm interval. The color-coded squares are the grids used to detect landfalling ARs, and grids with the same color 348 belong to the same latitude bin. 
